Abstract -Honeybees are native to Africa and Europe but have been spread worldwide as the basis for an apicultural industry. To date, large and diverse wild populations only remain in Africa. On this continent the beekeeping industry is relatively undeveloped and relies on trapping swarms from wild populations to constitute the managed stocks. Bee breeding is seldom practiced. The situation is therefore different from that of Europe or North America where wild or feral honeybees have almost disappeared and this distinction is important when assessing the conservation status of African honeybees. While African honeybees appear to be more resistant to major diseases, the history of honeybee populations worldwide suggests that their conservation is a necessity. After analyzing the threats to which honeybees are exposed in Africa, we argue that preventive conservation measures are required to maintain the present favorable situation and avoid the declines in populations experienced elsewhere.
INTRODUCTION
The relationship between humans and honeybees in Africa takes several forms: honey hunting is practiced in many countries (Hepburn and Radloff, 1998, p. 172, p. 205; Crane, 1999) ; traditional beekeeping based on keeping colonies in woven baskets, clay, bark, grass or log hives is widespread in some countries whereas others adopted modern beekeeping techniques using hives with removable frames (Langstroth, top bar hives; Johannsmeier, 2001; Kidd and Schrimpf, 2000) . The major difference in context compared to other regions of the world where honeybees are native or have been introduced is the important wild honeybee population (Moritz et al., 2005; Jaffe et al., unpubl . data) on which hunting and exploitation are based. In contrast with Europe, managed
Corresponding author: C.W.W. Pirk, cwwpirk@zoology.up.ac.za * Manuscript editor: Mark Brown honeybees only constitute a small fraction of the population (Moritz et al., 2007; Jaffe et al., unpubl. data) , an important distinction to be considered for the conservation of this pollinator. Another major difference between African and European populations (i.e. continents in which honeybees are endemic) is the fact that in Africa, beekeeping is mostly based on swarms trapped from the wild, whereas in Europe, breeding has affected population structure (De la Rúa et al., 2009) . This is especially true since the selection performed through breeding is not diluted via uncontrolled mating with wild honeybees since wild populations have almost disappeared (Moritz et al., 2007; Jaffe et al., unpubl. data) . We estimate the number of wild colonies in Africa to be 310 million colonies (based on a density of 12 colonies\km 2 , Kajobe and Roubik, 2006 and correcting for desert areas), whereas there are only around 11.5 million colonies in Europe (EC, 2004; De la Rúa et al., 2009) . In other words, beekeeping in Africa uses a small part of the wild population, whereas in Europe wild populations play a small role in determining population structure that mainly results from beekeeping activities (i.e. translocations and selections).
Given the large natural stocks and absence of immediate danger to African honeybees, one could conclude that there is no need for honeybee conservation in Africa, but we argue here honeybees deserve conservation in order to ensure that colony losses experienced in other parts of the world are not repeated in Africa. In addition, the genetic diversity represented by the different populations on the continent (Hepburn and Radloff, 1998) needs to be protected.
STATUS OF BEEKEEPING IN AFRICA
Traditional beekeeping still dominates modern beekeeping in many African countries such as Ethiopia, Ghana, Guinea-Bissau, Morocco, Mozambique, Nigeria, Senegal, Somalia, Sudan, Tunisia, Tanzania, Uganda, Zambia, Zimbabwe (Hussein, 2000) . In other countries such as Kenya, Egypt, Tunisia (Hussein, 2000) and South Africa (Johannsmeier, 2001 ) modern beekeeping prevails. In South Africa, according to Johannsmeier (2001) , there was a direct transition from honey hunting to modern beekeeping in the mid 1800s because of the absence of suitable material to build bark hives and of regular honey flow to sustain harvesting. Managed honeybees amount to 14-18 million hives in the whole of Africa (Crane, 1990; Hussein, 2000; Johannsmeier, 2001) , in comparison to more than 10 million wild colonies estimated for South Africa alone (Jaffe et al., unpubl. data) and to more than 310 million colonies on the continent. Beekeeping businesses in Africa are mainly small scale supplementary cash income schemes often promoted by rural developmental projects. Beekeepers in North, West and East Africa possess on average 15 hives (Hussein, 2000) and large scale enterprises (>250 hives) are mostly found in Tanzania, Zambia and in South Africa where 20% of the beekeepers possess 75% of the hives in the Western Cape for example (Ntenga and Mugongo, 1991; Clauss, 1992) . At a national level, 50 out of the 3000 South African beekeepers are estimated to produce 80% of the honey (Total transformation Agribusiness report, 2004) . Given the small number of commercial beekeepers and the low economic importance of bee related products in Africa, the network of associations and institutes supporting the beekeeping industry is poorly developed and little data on managed honeybee population health is available. The information available for stingless bees sometimes used in traditional and modern beekeeping is even sparser (see the article by Eardley et al., in this issue) . Such dearth of information suggests two possibilities: African honeybees are healthy and all is well, or they are threatened by various factors but this is not recognized for lack of surveys to establish their significance. The potential threats to which African honeybees are exposed, are discussed below in order to determine conservation actions that need to be put in place.
WHAT ARE THE THREATS?
African honeybees are exposed to several threats such as hunting, habitat loss or diseases. Most recognized honeybee diseases are present in Africa (Bradbear, 1988; Matheson, 1996; Hussein, 2000) , either as imported or local pests.
Varroa (imported)
The presence of Varroa destructor was discovered in South Africa in Cape Town in 1997 (Allsopp, 1997) and was found close to the borders of Botswana, Mozambique, Swaziland and Zimbabwe in 2002, indicating that it has since reached neighboring countries as several reports suggest (V. destructor has arrived in Zimbabwe, Scholmke and Schmolke, 2003; Allsopp, 2006) . Despite concerns about the effect that this parasite would have in South Africa, since it has resulted in important bee mortality outside of its native range (Allsopp, 2004) , in South Africa Apis mellifera scutellata and A. m. capensis are tolerant and seem to coexist with the imported mite without dramatic effects (Allsopp, 2006 ; see also Ritter et al., 1990) . V. destructor is also present in North Africa (Algeria, Morrocco, Lybia, Tunisia, Niger ; Bradbear, 1988; Ongus, 2006) and has been reported in West Africa in 2007 (Sénégal, http://www. apiculturetropicalejosephchauvin-vautier. fr/). Wherever this mite has been studied in Africa, honeybees seem to tolerate them without apparent detrimental effects once the initial infestation stage is passed. Reasons for this tolerance are still debated (Mondragón et al., 2005; Ibrahim and Spivak 2007 ). An exception occurs in North Africa (Algeria, Tunesia, Morrocco) where dramatic losses were experienced for a couple of years after introduction of the mite. (Allsopp, 2006) .
Viruses, bacteria, fungi (imported and local)
Little and outdated data is available for Africa (Bradbear, 1988; Matheson, 1996; Hussein, 2000) . American foulbrood is either absent or present at low levels in Africa despite the introduction of spores from other parts of world (Fries and Raina, 2003) . In general, larvae of honeybees of African origin show a lower mortality than their European counterparts (Danka and Villa, 1994) .
In general, the available data suggests that there is a higher frequency of disease in countries where beekeeping activities have been developed (Hussein, 2000) . This could indicate a causal relationship between beekeeping activity and disease transfer (Morse and Flottum, 1997) but could also originate in a sampling bias, more data being available where surveys are available. Despite the occurrence of these diseases no problems have been reported, again indicating that African honeybees are either not threatened or that health surveys are deficient.
Small hive beetle (local)
Small hive beetles (Aethina tumida Murray) represent no threat in sub-Saharan Africa since it is endemic to this region (Lundie, 1940; El-Niweiri et al., 2008) and bees coevolved with it. They only represent minor pests since they infest weakened colonies (Lundie, 1940; Neumann and Elzen, 2004) . Like Varroa mites, they developed into serious problems when they were exposed to new hosts (European honeybees) in the United States of America and Australia (Neumann and Elzen, 2004) . In the northern part of the continent, their presence was reported in Egypt along the Nile river and in Sudan (Mostafa and Williams, 2000; Neumann and Elzen, 2004; El-Niweiri et al., 2008) , but they do not seem to have established there according to recent large scale surveys that found them to be either absent or very scarce (Hassan and Neumann, 2008; El-Niweiri et al., 2008) .
Other honeybees (local)
In the late 1970s and early 1980s, South African scientists and beekeepers were concerned about the possibility that the neighbouring subspecies A. m scutellata or other honeybees might invade the restricted distribution area of A. m. capensis in the southern part of the country (Ruttner, 1977; Anderson, 1980) . Due to its restricted range A. m. capensis was considered to be a unique population adapted to the particular biotope of the 288 V. Dietemann et al. fynbos vegetation and to the particular climatic conditions of the region characterized by winter rainfalls (Ruttner, 1977; Tribe, 1983; Hepburn and Guillarmod, 1991) . These concerns were not supported by later observations since the introgression zone between the two races remained constant in time despite natural and human induced migrations of colonies across this zone. This may be due to the fact that A. m. capensis behaves as a social parasite when entering colonies of other subspecies of honeybees (Neumann and Hepburn, 2002) , which would stop the expansion of the neighbouring subspecies into the A. m. capensis area. Ironically, the ability to produce socially parasitic workers was at the origin, two decades later, of concerns that it is in fact A. m. capensis that is threatening to invade A. m. scutellata through this facultative socially parasitic trait. During their migration activities, beekeepers moved colonies of A. m. capensis into the distribution area of A. m. scutellata and subsequently sold these colonies to local beekeepers or moved A. m. scutellata colonies to the Cape region where A. m. capensis occurs before taking them back to their original area. This triggered a large scale spread of parasitic A. m. capensis workers into A. m. scutellata colonies with the consequent death of thousands of colonies (Crewe and Allsopp, 1993; Dietemann et al., 2006) . However, initial concerns proved to be unfounded since the parasites do not significantly affect the wild populations (Härtel et al., 2006) . It nevertheless resulted in important economic losses for the beekeepers who are the vectors of this parasite (Dietemann et al., 2006) . Beekeepers mostly compensate for their losses by trapping new wild swarms to rebuild their stocks. The parasite's presence could thus affect wild populations indirectly through increased trapping. However, the significance of such an effect has not been investigated.
Other honeybees (imported)
Hepburn and Radloff (1998) reviewed the numerous attempts by beekeepers to introduce European honeybees to Africa. They argued that due to poor adaptation to local climate and poor defences against parasites and predators, honeybees of European origin failed to establish in Africa. This idea is supported by studies in South America demonstrating that although there is gene flow between honeybees of African and European origin (Sheppard et al., 1991) , the African characteristics tend to replace European ones (Schneider et al., 2004) . However, introduction of A. florea resulted in successful establishment of a population in Sudan. This success could be due to the tropical origin of A. florea which has been invading this country since 1983/1984 at a rate of 20 km per year (Mogga et al., 1989; El Shafie et al., 2002) . However, there seems to be no competition with the local A. m. yemenitica (Mogga, 1994; El-Shafie et al., 2002; wrongly named A. m. sudanensis, see Hepburn and Radloff, 1998 for more details). Although they share pollen sources to a great extent, their foraging times differ and this suggests that they may not be in direct competition for local resources. Despite the apparent lack of effect noted by beekeepers, the absence of reference data before the invasion took place makes it impossible to determine whether there is competition between the species. Although nothing can be done to stop the invasion, its development should be monitored since a great part of Africa appears suitable for establishment of A. florea (Hepburn and Radloff, 1998) , especially once it reaches the tropical regions.
Habitat loss
Habitat loss in Africa could be the most significant factor affecting honeybee populations. Although the human population doubled in size between 1980 and 2000 implying the development of cities and settlements, decrease in forested area through land exploitation has a greater impact. Indeed, honeybees mostly nest in hollow trees and deforestation could affect them drastically. Between 2000 and 2005, 4 million hectares were destroyed per year (i.e. 0.62% loss of surface area; Kelatwang and Garzuglia, 2006; Iremonger et al., 1997) . Another 400 million hectares of less densely wooded areas could be suitable for nesting.
Replacement of natural forest by plantations (13 million ha; Iremonger et al., 1997) has a smaller impact (provided that the timber is suitable for nesting) than conversion to agricultural land (Jaffe et al., unpubl. data).
A computer model for the Cape floral region of South Africa, the natural distribution area of the Cape honeybee, shows that up to 30% of the natural habitat could be lost within the next 20 years, mainly through urbanisation, agricultural land use (Rouget et al., 2003) and climate change (Thomas et al., 2004) . Indeed, the effects of climate change on a continental scale need to be investigated in order to assess its impact on honeybee populations.
Honey hunting
Honey hunting is traditionally practiced in many African countries (Crane, 1990 ) and results in the death of the colony harvested in most instances (Hussein, 2000) . Hunting is discouraged in many countries through rural developmental programs aimed at favouring beekeeping as a sustainable economic empowerment scheme. These programs also help reduce habitat destruction, at least that generated by tree damage during honey hunting. Apart from the impact on the tree containing the nest, the use of fire to repel honeybees can trigger forest fires (Smith, 1962; Clauss, 1991) .
CONSERVATION MEASURES ALREADY IN PLACE

South Africa
In South Africa, to remedy the Capensis Problem, a dividing line has been drawn to separate the area in which A. m. scutellata and A. m. capensis can be used for beekeeping activities (government notices R 159 (1993) and R 1674 (1999) under the Agricultural Pest Act 1983). This notice stipulates that no bees can be transported across the demarcation line separating the country into a southern A. m. capensis and northern A. m. scutellata part. In addition, all honeybee colonies north of this line that are infested with the parasite must be destroyed within 72 h of their discovery.
Restrictions on the import of hive products or beekeeping equipment into South Africa are regulated by the government notice R 1013. The import of honeybees is prohibited by the Agricultural Pest Act 36 of 1983. These measures could prevent the introduction of foreign diseases to which South African bees are not adapted and to which they could be susceptible. Honeybees were introduced onto Robben Island during the 1980' and 1990's prior to the invasion of Varroa and tracheal mites. The island was thereafter declared a honeybee sanctuary through the amendment # R458 of the Agricultural Pest Act, 1983 (Act #36, 1983 that prohibits the import of honeybees or used beekeeping material onto the island.
The South African Biodiversity Act (10/2004; Government Gazette 8 Feb 2008) stipulates the preservation of local populations of honeybees and will place additional requirements on beekeeping practise after implementation. (2006) have been issued. They provide an updated legal framework for beekeeping in Tanzania, but further work needs to be done to improve and complete these regulations. Libya and Swaziland are also planning to update their regulations. Data for other African countries could not be collected.
Other countries
Although some countries possess appropriate regulations, all suffer from a severe lack of technical capacity and often cannot proactively implement the regulations. However, despite the existence of regulations limiting honeybee and bee products movements and irrespective of how well they are enforced, an important risk occurs through accidental shipments of swarms by air or land. Various examples of alien bee species entering a country (A. cerana and A. dorsata in Australia, A. florea in Sudan) have been reported. Only Australia and England (Anderson, 2008; Brown et al., 2008) have developed a monitoring system at ports and container platforms to favour detection of invaders or new diseases at early stages and thus improve the chance of eradication.
Developmental projects
Beekeeping developmental projects can contribute to conservation of honeybees and their environment (cf above) as long as they are based on the use of local honeybee populations. However, developmental schemes provide mixed results and a number failed because they were based on honeybeee colonies imported from Europe or Australasia (Lohr, 1998; Nel et al., 2000) . Additional reasons for failure were the lack of appropriate socioeconomical models, low support from local government, and the absence of a support strategy.
CONSERVATOIN POLICY: SUGGESTIONS
Necessity for conserving honeybees in Africa
Conservation is needed to ensure healthy natural populations to act as a reservoir / buffer against loss due to occasional disease outbreaks and in order to sustain a beekeeping industry or traditional beekeeping. The European and American examples have shown that wild bees can be driven to extinction since they cannot be treated (Kraus and Page, 1995; Jaffe et al., unpubl. data) . Although feral colonies that became tolerant to diseases can establish populations (Rinderer et al, 2001; Corrêa-Marques et al., 2002; Le Conte et al., 2007) , these feral populations remain localized and breeding them to reconstitute beekeepers' stocks is not straightforward and their use has not been widespread to date.
Nesting sites
Although the effects of industrialization or agricultural landscapes are not ubiquitous in Africa, deforestation could represent a threat to honeybee populations and nesting sites should be protected.
Developmental projects
The use of non-indigenous honeybees in development projects has led to their failure and use of indigenous populations should be a requirement for the conservation of biodiversity. Determining conservation units within which colonies could be caught and used for such projects is difficult since population dynamics of A. mellifera are poorly defined and high migration rates occur (Schneider at al., 2004; Jaffe et al., 2009 ). The best approach would therefore be to use colonies trapped locally in development projects.
Prevention
Monitoring and trapping colonies around container ports or airports to monitor arrival of potentially invasive species or diseases should be undertaken so as to increase the probability of eradication before establishment. However, this is expensive and regular monitoring by skilled agents will be necessary for this to be effectively implemented, thus requiring resources that are not available in most African countries. To further decrease the possibility of introducing foreign diseases or disturbing the equilibrium established by local honeybees with their environment through the import of competitors, regulations should be put into place and their measures implemented to prevent long range movement of honeybees.
CONCLUSIONS
Most honeybee diseases are present in Africa, without large scale deleterious effects. Indeed, African bees are resistant or adapted to most common parasites (Moretta et al., 1991; DeJong, 1997; Guerra et al., 2000) and no epidemics have been reported. The factors that contribute to this probably include beekeeping management (small vs. large scale), absence of breeding, high genetic diversity and presence of a large wild stock population, less migration, less harvest, less stress that allow honeybees to defend themselves against parasites and diseases.
Most likely a combination of all factors contributes to the healthy situation of the honeybees of Africa. However, as was discovered with the capensis problem (see above), it is the wild population that was used to compensate for the colony losses. This population served as a source from which to restock the depleted population of managed bees and buffered the dramatic loss of managed bee colonies affecting the apicultural sector. Nevertheless, relying on the natural population is only possible when such populations remain healthy. The natural populations in Africa have to deal with the same factors that threaten the honeybee populations of Europe and the USA (diseases, habitat loss, imported diseases or parasites). Therefore steps should be taken to maintain and improve the current situation, such as preventive interdiction of bee transport over large distances to avoid stress which could reduce the bees' natural defence mechanisms and facilitate disease spread or invasive processes. Beekeeping in Africa at the moment relies on local bees, but such reliance should be ensured in the long term by the establishment of conservation policies destined to maintain nesting sites and ensure the persistence of a healthy wild population. The reduction of nest sites would not only reduce the carrying capacity of the ecosystem, but would also affect the success of absconding by the bees (non reproductive swarming). There is evidence that leaving an infected nest site (absconding) is a crucial way for honeybees to fight diseases and parasite (e.g. American foulbrood, Fries and Raina, 2003) . Paradoxically, absconding is seen as an unfavourable trait amongst beekeepers who lose colonies in this way and this trait is actively selected against. Where they occur, breeding and selection against "unfavourable" traits and the selection for "favourable" traits 292 V. Dietemann et al. should be reassessed to encourage resistance against disease.
Africa is the origin of Apis mellifera (Whitfield et al., 2006) and the only area in the world where a natural population exists on a large scale. Conservation would not only be necessary for the maintenance of unique populations, but also for whole ecosystems as well owing to the role honeybees play as major pollinators of natural flora. These honeybee populations also provide an important pollination service for the production of agricultural crops. The wild honeybee population of Africa represents a highly valuable genetic resource that should be preserved as a source of genetic material for managed honeybee populations where their pollination services are crucial to the agricultural economy.
